Abstract: This article analyses the characteristics of paraglacial environment that are recorded in sediments and forms, within the context of the development of views on the relief of Central Poland in the area beyond the extent of the Vistulian (Weichselian) Glaciation. The original relief of the analysed area was formed during the Warta Glaciation (Wartanian, Late Saalian). Until the 1950s, the relief was considered as glacial, when the opinion that periglacial morphogenesis had great significance was prevalent. According to the hypothesis, periglacial processes dominated the original glacial relief, until denudational periglacial plains with tors were formed. However, since the 1960s, more and more data have been documented concerning good preservation of fragments of glacial landscape, particularly within the range of kame fields. In the 1990s, a concept of polygenesis of the relief was presented, stressing the importance of periglacial environment. However, it must be noted that all views on the genesis of the area that have been presented so far still have a gap in the light of contemporary interpretation of the concept of periglacial environment. There is a need to take into account the so-called paraglacial environment, which has hardly been distinguished until now in areas of Pleistocene glaciation. According to present knowledge, the relief of the Warta belt in Central Poland should be recognised as polygenic with predominant features of old glacial relief and with elements of paraglacial, periglacial and fluvio-denudational relief from moderate periods.
Introduction
This article presents characteristics of paraglacial environment recorded in sediments and forms of Central Poland within the context of the development of views on the genesis of the relief. The analysed region was last glaciated during the Warta Glaciation (Wartanian, Late Saalian, Middle Polish Complex) -directly before the Eemian interglacial period. The area stretches from the maximum ice-sheet extent of the Vistulian Glaciation (LGM) to the maximum advance of the Warta Glaciation in the axial part of the Pilica River basin. In the west, it reaches the plateaux in the middle Warta valley (approx. 18°30'E), and in the east -the eastern plateaux along the Rawka valley (approx. 20°45', Fig. 1 ).
Until the 1950s, relief of this area was regarded as glacial, and its main glacial forms included "glacial uplands", eskers, terminal moraines and "diluvial gravel forms" (Lencewicz 1927) . Formulating the concept of periglacial morphogenesis by Jan Dylik (1952 Dylik ( , 1953 started the period of views that cold climate processes were of great significance. The processes were believed to have dominated the original glacial relief, leaving mainly areas of periglacial plains with periglacial tors (Fig. 2) . Since the 1960s, more and more data were gathered on good preservation of vast fragments of glacial landscape, particularly within the range of kame fields (Klajnert 1966 , Klatkowa 1972 . In the 1990s, a concept of polygenesis of the relief was presented, which quite strongly sustained the view that periglacial morphogenesis was significant in many locations, including river valleys (Turkowska 2006) .
It must be noted that the concepts so far still have a gap in the light of contemporary interpretation of the idea of periglacial environment (Brown and Kupsch 1995, French 2007) , as there are difficulties with classifying some sediment structures or relief forms. In particular, there is a need for the so-called paraglacial environment, so far hardly distinguished in areas of Pleistocene glaciation, to be taken into account.
The aim of this article is to present the importance of paraglacial processes and forms in the relief and sediments of the analysed area in relation to the remaining morphogenetic environments, as well as to update the views on the importance of individual morphogenetic environments in the evolution of relief and in the image of polygenetic -old glacial -relief. 
Methodology
Field studies were conducted in selected artificial outcrops (excavations) in different parts of the Łódź region.
Fragmentary geomorphologic charting and analyses of lithological composition on walls of the outcrops were performed. Several characteristic examples of sediments and structures were chosen for the paper. The analysed lithofacies were described in accordance with the methodology introduced by Miall (1977 Miall ( , 1978 and Eyles et al. (1983) , as modified by Zieliński and Pisarska-Jamroży (2012) to adapt it to the specificity of quaternary sediments in lowland Poland.
Morphogenetic environments of the Warta Glaciation area in Central Poland
Wartanian relief in Poland forms a belt of land ranging from several to over 200 kilometres of width, accompanying the young glacial zone from the south. In the Łódź 1 -area of glacial morphogenesis with traces of periglacial environment, 2 -periglacially transformed glacial area, 3 -periglacial area on glacial accumulation landforms, 4 -area of periglacial morphogenesis with relief of pre-Pleistocene denudation, 5 -area of periglacial modelling upon old fold structures, 6 -area of periglacial modelling upon young fold structures.
Region, the zone is about 110-150 km wide (Rdzany 2009, Fig. 1) . During the development of views on its postglacial evolution, tendencies have shown to assign different morphogenetic environments the key role in shaping the current form of the landscape.
In the middle of the previous century, the relief of this area was widely regarded as glacial. The main postglacial landforms included "glacial uplands", terminal moraines, eskers and "diluvial gravel forms" (Lencewicz 1927) . Formulating the concept of periglacial morphogenesis by Jan Dylik (1952 Dylik ( , 1953 started the period of views which assigned the key role in morphogenesis to periglacial processes of the last cold stage. Periglacial processes, in particular slope processes, were thought to dominate the original glacial relief, of which mainly areas of periglacial pediments with periglacial tors were left. A hypothesis also appeared that cryoplanation plains exist near Łódź (Dylik 1954) .
In the next dozen or so years, more and more data were published concerning good preservation of vast fragments of glacial landscape, especially within the range of moraine plateaux and extensive kame sets (Klajnert 1966 , 1984 , Klatkowa 1972 , Krzemiński 1974 , Rdzany 1997 . Studies of the region showed the important, though diversified, role of fluvial processes of moderate periods: the Eemian interglacial period and Holocene, restricted to river valleys (Krzemiński 1974 , Turkowska 1988 , 1996 , Petera 2002 , Twardy 2008 .
The 1990s revealed popularisation of the concept of relief polygenesis, including somewhat tempered (in comparison with Jan Dylik's concept) opinion on the role of Vistulian periglacial processes in the morphogenesis of the area. Examples of relatively good preservation of glacial forms in contemporary relief were accepted, particularly beyond river valleys (e.g. Turkowska 2006) . Also, the amount of documentation of relief transformation in morphogenetic environments of moderate periods increased. The Eemian interglacial period remains quite difficult to evaluate, although valleys are becoming increasingly better recognised in this respect (Kołaczek et al. 2012 and other works) . It is also worth noting that there was an advance in evaluation of the role of morphogenetic processes in the Holocene (Twardy 2008) . The significant efficiency of these processes is related to results of direct and indirect human activity.
However, the author finds examples of such structures which cannot be associated with either glacial or periglacial environment. They are also not a record of moderate climate in the Eemian interglacial period or the Holocene. It is becoming increasingly clear also in connection with changes in definitions of the above environments. In particular, it concerns contemporary understanding of the following concepts: periglacial environment and paraglacial environment. It must be noted that irrespective of the progress in recognising the genesis of different structures, we are in the process of spontaneous and slow lexicalisation of scientific terms as well as intended evolution of many definitions of scientific terms, which results from the progress of research and the necessity of making them more precise.
Periglacial environment
Definitions of periglacial environment have changed quite radically. The term "periglacial" was introduced to literature by Łoziński (1909, 1912) . His "periglacial facies" is generally a kind of eluvium -effect of frost action on sandstones in the Gorgany Mountains. The term "periglacial zone" was used with reference to the climatic and geomorphic conditions of areas peripheral to the Pleistocene ice sheets and glaciers.
The scale of periglacial phenomena as defined by Dylik (1964) is already much broader. He describes the periglacial environment as a set of frost and snow-ice morphological processes. He does not restrict their occurrence to the vicinity of ice-sheet. However, it is not widely accepted, since even in the 1970s, there were advocates of traditional definition of the periglacial zone, related with ice-sheet in terms of the area (Klimaszewski 1978) .
On the other hand, Jahn's (1970) definition of the periglacial environment has clear climatic connotations -it is the scope of influence of dry and frosty climate, with its limits close to the isothermal line of average annual temperature of about -1°C.
According to Brown and Kupsch (1995) , French (2007) and Slaymaker (2001) the present use of the term "periglacial" refers to frost processes in non-glacierized areas. Apart from processes related to permafrost, the role of seasonal, marine, lacustrine and fluvial ice as well as snow is taken into account. In this meaning the term is used in this paper.
Glacial environment
Direct impact of the ice-sheet seems to be explicitly defined. Some difficulties may appear when defining the extent of its impact in the case of indirect activity, e.g. meltwater operating in the foreland of a mountain glacier or ice-sheet. There is a zone around the ice-sheet and underneath it, which is penetrated by glacial processes in different ways. Distinguishing between glacigenic (subglacial) structures and those originated as a result of periglacial or paraglacial processes may be difficult there. However, there are models which explain it, for instance by Brodzikowski and Van Loon (1991) .
Besides spatial distribution of individual environments, there is also a sequence of activity of individual processes in time. For instance, ice-moraine ridges are glacial forms at the time of their forming. However, in a situation of ongoing recession, when the ice-sheet front retreats from this accumulation of moraine sediments and dead-ice blocks, intense settlement processes begin to operate, redeposition of mineral material, numerous small slides and falls, polar solifluction, wash and other processes, which can be classified as belonging to the paraglacial environment, occur.
Paraglacial environment
In Central Poland, as well as -and broader -in the landscape belt of the old glacial relief of the Polish Lowland, there are formations, sediments and their structures, which are difficult to classify as glacial or periglacial, and they are not typical of the impact of moderate climate. If we narrow periglacial processes down to a group of processes related to frost action (French 2007) , there is a need to fill a "gap" encompassing a number of processes which are not strictly speaking glacial or periglacial, but rather "paraglacial". The term, though used only several times in Polish-language works, is more commonly used in English-language works (see Zwoliński 2007 , Rachlewicz 2010 , which refer to contemporary Arctic or Antarctic areas. However, it must be noted that no traces of fossil paraglacial features in lowland Poland have been described yet, all the more in the so-called old--glacial zone. Due to that, there is a gap which is already being filled in terminology used for describing contemporary processes of the cold zone. This also applies to Polish-language literature. The category includes paraglacial environment and related terms: "paraglacial processes" and "paraglacial relief".
It is worth reminding that the term "paraglacial" was first used in a Goddard's work (1965) on the geomorphology of Scotland. Formalised, it was used for the first time for defining nonglacial processes which occur as a result of glacial conditions and operate during a glaciation (Church and Ryder 1972) . Analysing later publications, a conclusion may be drawn that the term is commonly understood as fast adaptation of glacial areas to nonglacial conditions (e.g.: Benn and Evans 1998, Mercier and Etienne 2008) .
In 2002, Ballantyne proposed a new and broader definition of "paraglacial environment", recognising that they include: nonglacial geomorphological processes, sediment accumulation, landforms, landsystems and landscapes that are directly conditioned by glaciation and deglaciation. They are the subject of paraglacial geomorphology. According to this author, the paraglacial system is characterised by instability. Duration of related processes -between 10 1 and 10 4 years. The area that is exposed as a result of ice-sheet retreat is very susceptible to rapid changes. Ballantyne (2002) distinguished 6 paraglacial landscape systems (sets): rocky slopes, slopes with moraine cover, glacier foreland, alluvial system, lacustrine system and coastal system.
Literature emphasises not only short-term operation of paraglacial processes, but also their particular sensitivity to the progress of warming. So state Knight and Harrison (2009) , who also believe that knowledge of contemporary periglacial and paraglacial environments and those from the end of the last glaciation period and beginning of the Holocene is considerable, whereas we know very little about earlier glaciations. This results from poor preservation of structures due to pedogenic processes and evolution of flora, which restricts the application of the rule of uniformitarianism.
One may expect that landscape systems identified in Central Poland will be slightly different than those in contemporary areas released from ice-sheet under study, and the reconstruction will be more difficult.
Examples of paraglacial structures and forms
In the studies of characteristics of near-surface sediments that have been conducted so far in Central Poland, no traces of the paraglacial environment record were distinguished. A similar observation may also be referred to the entire Wartanian zone, which forms a latitudinal belt in Poland. Isolated cases of such record have been reported e.g. in the Sudetes Foreland within the extent of ice-sheet of the Odranian Glaciation (Saalian max.) in the form of paraglacial mass movements during adaptation of rock slopes of the Ślęża massif to the conditions of ice-sheet foreland (Traczyk and Kasprzak 2014) .
Analysis of outcrops of Pleistocene formations, mostly Wartanian, allows for a number of such structures to be recognised as traces of paraglacial environment. This Site 1. Siedlątków. The site is an example of filling a proglacial erosional channel as a result of several processes of the paraglacial environment. The structure of an erosional channel, 25-30 m wide and up to 2.5 m deep (Fig.  3) was found at the edge of a moraine plateau, which constitutes the edge of a contemporary anthropogenic cliff of the Jeziorsko Reservoir. Outline of the channel, marked with erosional stone pavement with boulders with radius of 50-60 cm, was formed as a result of cutting till during a high-energy flow of proglacial water. The channel was gradually filled with several sediment types:
• diamicton formation with a large number of boulders from debris-mud flow on the northern side of the slope, which was undercut by the channel (Fig. 3, 4 , layer 2), • sediments of a sandy detrital fan, 1-1.5 m thick (layer 3), • varved sediments (>135 varves, layer 4), • sandy sediments from surface wash (layer 5).
Site 2. Górki. The site features an example of gravitational deformations in the slope zone of a marginal landform with the structure of a glacifluvial-ablation fan as a result of settling on the melting dead-ice (Fig. 5) . This structure proves that most deformations occurred after the glacifluvial flow ceased. Due to this, genesis of these deformation structures should be interpreted as an effect of a paraglacial process. Many more such structures were documented in structures of kames and other glacifluvial landforms of the Łódź Region (Klajnert 1978 , Rdzany 1997 . Site 3. Łaszczyn. The outcrop shows examples of load deformations formed under paraglacial conditions in the slope part of an esker at the contact between diamicton of ablative origin and glacifluvial sands (Fig. 6) . The deformations have similar characteristics to periglacial columnar involutions. A number of such deformations originated under conditions of high hydration of glacifluvial or ablative sediments without any relation to permafrost.
Development of paraglacial environment in Central Poland -discussion
The presented examples of record of paraglacial processes are not numerous, but this article aims mainly at their illustrational presentation, since so far, both here and in the entire Wartanian zone, they have not been distinguished at all (see Rdzany 2014a, b) . Further research is necessary for closer acquaintance with them and more precise systematisation. At the current stage, there are no grounds for developing an advanced model, which would precisely show the diversity of this environment, but it is possible to establish general relations between the environments.
The observations so far allow for determining that the examples of paraglacial environment record are compatible with contemporary understanding of the term (e.g.: Ballantyne 2002 , French 2007 , Slaymaker 2011 . They occupy small areas, between several square metres and several to about a dozen ares. They occur in isolation or form a mosaic with glacigenic, periglacial and other structures. Thus, the processes resulted at least in relief modifications which can be defined as local or mosaic; they were intense, diverse and characterised by rather limited range in the foreland of retreating ice-sheet. They included: limnic sedimentation in numerous, but small basins, mass movements, e.g. sediment slides on slopes of kames or other convex glacigenic forms, solifluction on slopes of kettle holes, settlement caused by melting of buried burried-ice and wash processes.
The described processes took place only after direct impact of ice-sheet or its meltwater had ceased. The processes occurred even before the interglacial warming of the Eemian. It has not been determined whether any of these processes continued during the Eemian interglacial period, although the determination may be possible in the course of further studies of Eemian fills found in kettle holes.
In order to better understand the importance of paraglacial processes in morphogenesis of the analysed area, some general regularities and relations between the environments in question must be analysed, not only in terms of the spatial layout but also the stratigraphic sequence. For Central Poland, it may be assumed that the original relief, when primary, main relief was formed, originated during the Warta Glaciation. A certain simplification in this statement must be accepted, as it is known that the relief was to a degree conditioned even by morphological elements of the Mesozoic bedrock. There are also cases of complex structure of relief forms, including palimpsest structure (Rdzany 1997 , Rdzany and Jaksa 2002 , Jaksa and Szmidt 2008 , Szmidt 2012 . Specificity of the glacigenic Wartanian relief must also be accounted for, which -particularly in Central Poland -is characterised by considerable vastness of glacifluvial forms (plateaux and several kilometre long kame ridges).
Periglacial transformations at the end of the Warta stage were present, but their record is very limited. If aggradation of permafrost occurred, as is possibly indicated by rare pseudomorphoses from syngenetic ice wedges, it was only of insular character (Rdzany 2009 ). There was also no clear development of eolian processes in the foreland of the Warta ice-sheet. However, such traces were found locally, near Bełchatów (Goździk 2007) . Simplified, relief transformations in the Eemian interglacial period are linear and point-like: they are limited mostly to vertical erosion in river valleys, and in plateaux -to partial filling of kettle holes with lacustrine sediments and peats (Rdzany 1997 , Petera 2002 , Forysiak 2012 , Majecka 2012 . Record of the periglacial environment in the Vistulian is fairly widespread, but at the same time, spatially restricted to shallow, near-surface changes of structural and textural characteristics of sediments. In the case of relief, one must note a moderate evolution of valley bottoms, and formation of sets of eolian relief in valleys and on plateaux, where local diversification of relief occurred.
It is the author's conviction that periglacial changes to the Wartanian relief in the Vistulian were less intense than effects of paraglacial processes at the beginning of this evolution, and also less intense than the short-term relief changes under anthropopressure in the Holocene (see Twardy 2008) . It must be noted that evaluation of the importance of the paraglacial environment is difficult, because in this environment, traces of many processes may be erased more quickly than in the periglacial environment. It must be stressed that in the periglacial environment, structures originate that penetrate the ground deeper, whereas some structures of the paraglacial environment are thin, as they were formed near ground surface. Simplified, it is a set of quite "ephemeral" traces, which makes reconstruction of such processes more difficult than in the case of periglacial processes, which penetrate the ground deep.
It does not mean that morphological effects will always be greater for a periglacial process than a paraglacial one. For instance, if an extensive clastic dike is formed as a result of water moving under high pressure in the sediment, in connection with the phenomenon of naled ice, changes in the relief may be slight. On the other hand, a paraglacial debris-mud flow could result in significant local changes in the morphology of this form. Thickness of sediments after such a process may be low.
It remains to be determined how distinguishing the paraglacial environment will influence the description of relief genesis in Central Poland. Referring to this issue is necessary, as even in contemporary literature we come across different terms coming from different stages of studies.
It is worth reminding that soon after traces of Pleistocene periglacial environment were discovered, the name "periglacial area" also functioned. Nowadays, such interpretation of relief hardly occurs anymore. Few cases of distinguishing "periglacial denudational plains" can be seen in older sheets of the Detailed Geological Map of Poland in the scale of 1:50,000.
The current state of knowledge of transformations of the original glacigenic relief offers no grounds for assuming an extreme view. It is not possible to prove the existence of e.g. extensive denudational plains of periglacial type both on plateau surfaces and in large proglacial valleys and river valleys. Nor is it possible to point to an area where all characteristics of the Wartanian young glacial landscape would be preserved. Thus, the term "young glacial relief" should be restricted -as it has been so far -to the extent of the Vistulian Glaciation (LGM); it is not applicable to relief of the Warta Glaciation zone.
Most commonly, Central Poland and the entire morphological zone of the Polish Lowland which was formed during the cold Wartanian stage are referred to as the belt of old glacial relief -it is the prevalent view and does not require changing in the light of the author's research. Post-Wartanian morphogenesis did not introduce significant changes in any of their first-order forms (larger moraine plateaux) in a degree that would allow to resign of the glacial element as the main discriminant of the described morphogenic zone.
It is also not possible to indicate an area where all characteristics of the Wartanian young glacial landscape would be preserved. Quantitative evaluation of the scale of processes responsible for evolution of the original relief is not yet possible. The descriptive model of the evolution may, however, be refined. Some revision is necessary, as literature includes many examples of too simplified views on this issue.
Conclusions
Distinguishing traces of the paraglacial environment is necessary to fill the gap that is present in the interpretation of genesis of the relief in Central Poland. This is a step towards making the model that explains the genesis and diversification of the relief and degree of its evolution more precise. In the light of the current knowledge, the view that the polygenic relief of the Warta belt in Central Poland is characterised by predominance of elements of old glacial relief should be maintained. Old glacial type of relief consists in co-occurrence within glacial forms of morphological and lithological elements which were formed in the paraglacial environment (Warta stage), periglacial environment (Warta stage, Vistulian) and fluvio-denudational environment from moderate periods (Eemian interglacial period, Holocene). Spatial and stratigraphic relations between them can be considerably diversified.
It must be noted that paraglacial forms have not been marked on geomorphological maps so far. It should be considered necessary that such distinctions be taken into account in designing a modern legend for geomorphological maps.
